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Face recognition, holistic processing, and processing of conﬁgural and featural facial information are
known to be inﬂuenced by face race, with better performance for own- than other-race faces. However,
whether these various other-race effects (OREs) arise from the same underlying mechanisms or from dif-
ferent processes remains unclear. The present study addressed this question by measuring the OREs in a
set of face recognition tasks, and testing whether these OREs are correlated with each other. Participants
performed different tasks probing (1) face recognition, (2) holistic processing, (3) processing of conﬁgural
information, and (4) processing of featural information for both own- and other-race faces. Their contact
with other-race people was also assessed with a questionnaire. The results show signiﬁcant OREs in tasks
testing face memory and processing of conﬁgural information, but not in tasks testing either holistic pro-
cessing or processing of featural information. Importantly, there was no cross-task correlation between
any of the measured OREs. Moreover, the level of other-race contact predicted only the OREs obtained
in tasks testing face memory and processing of conﬁgural information. These results indicate that these
various cross-race differences originate from different aspects of face processing, in contrary to the view
that the ORE in face recognition is due to cross-race differences in terms of holistic processing.
 2014 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction Rhodes et al., 2010). Some propose that the OREs are caused by dif-Face race has been shown to inﬂuence performance in many
face tasks, such as face recognition and identiﬁcation (Meissner &
Brigham, 2001; Sporer, 2001), holistic face processing (Michel,
Caldara, & Rossion, 2006; Michel, Rossion, Han, Chung, & Caldara,
2006; Tanaka, Kiefer, & Bukach, 2004), processing of featural and
conﬁgural facial information (i.e., spacing between face features,
Hayward, Rhodes, & Schwaninger, 2008; Rhodes et al., 2009;
Rhodes, Hayward, & Winkler, 2006), or categorization of facial gen-
der, age, and expression (Dehon & Brédart, 2001; Elfenbein &
Ambady, 2002; O’Toole, Peterson, & Deffenbacher, 1996). Although
these various other-race effects (OREs) have been demonstrated in
separate studies, it remains unclear whether the inﬂuences of face
race on these tasks arise from the same underlying mechanisms or
from independent processes.
What underlies these OREs remains a matter of debate
(Hayward, Crookes, & Rhodes, 2013; Hugenberg et al., 2010;ferent level of holistic processing involved in own- and other-race
faces (Hancock & Rhodes, 2008; Michel, Caldara, & Rossion, 2006;
Michel, Rossion, et al., 2006; Tanaka, Kiefer, & Bukach, 2004). This
hypothesis is plausible as holistic processing (i.e., perceiving face
as a whole rather than a collection of independent face parts,
Maurer, Le Grand, & Mondloch, 2002) is often correlated with face
recognition ability (Richler, Cheung, & Gauthier, 2011; Wang et al.,
2012; but see Konar, Bennett, & Sekuler, 2010; Zhou et al., 2012).
Others assume that the OREs come from an own-race advantage
in processing both conﬁgural (i.e., relative location and spatial rela-
tions among face parts) and featural information (i.e., face parts)
(Hayward, Rhodes, & Schwaninger, 2008; Hayward, Crookes, &
Rhodes, 2013; Rhodes, Hayward, & Winkler, 2006; Rhodes et al.,
2009). Still others hypothesize that the OREs may stem from a gen-
eral in-group/out-group bias (Sporer, 2001), which drives people to
selectively attend to different facial properties for own- and other-
race faces (Hugenberg et al., 2010; Levin, 2000). For own-race
faces, people selectively attend to identity-diagnostic information,
which is critical to discriminate different individuals. In contrast,
for other-race faces, people tend to pay attention to race-diagnostic
information without individuating them, therefore impairing their
late recognition (Hugenberg et al., 2010).
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for the ORE because they are not mutually exclusive (see also Zhao,
Hayward, & Bülthoff, 2014), discerning whether or not these vari-
ous OREs are supported by the same underlying mechanisms is
possible. Irrespective of which hypothesis provides a better
account for the various OREs, if those OREs arise from the same
underlying mechanisms, then individual differences in ORE
observed in one task should show some correlation with those
observed in a different task. Alternatively, if the OREs observed
in different tasks are mediated by different processes, then these
OREs should be independent of each other.
Prior studies that have attempted to link the ORE in face recog-
nition to that in holistic processing have found mixed results.
Signiﬁcant correlation between OREs in face recognition and in
holistic processing has been observed in one study (DeGutis
et al., 2013) but not others (Michel, Caldara, & Rossion, 2006;
Michel, Rossion, et al., 2006). This discrepancy may be due to
methodological differences in estimating those OREs. Whereas
Michel and colleagues used a subtraction-based method to calcu-
late the ORE (i.e., subtracting performance for other-race faces
from performance for own-race faces), DeGutis et al. (2013) used
a regression-based analysis (i.e., regressing out performance for
other-race faces from performance for own-race faces), which
may provide a more sensitive measure of correlations between dif-
ferent OREs. Other studies suggest that the absence of correlation
reﬂects the independent inﬂuence of face race on face perception
(e.g., holistic processing) and on face memory (Schwaninger, Ryf,
& Hofer, 2003; Wilhelm et al., 2010; but see Wiese, Kaufmann, &
Schweinberger, 2014).
In the present study, we investigated whether OREs observed in
different face recognition tasks are mediated by the same underly-
ing mechanisms or supported by different processes. In two exper-
iments reported here, participants performed a set of tasks that
have been reported to be sensitive to the race of face and tap into
different aspects of face processing. In Experiment 1, we used the
whole/part task (Tanaka, Kiefer, & Bukach, 2004), the blurred and
scrambled face recognition task (Hayward, Rhodes, &
Schwaninger, 2008), and the Cambridge Face Memory Tests (CFMT,
Duchaine & Nakayama, 2006; McKone et al., 2012). The whole/part
task was used to estimate cross-race differences in holistic pro-
cessing (i.e., the whole/part advantage, Michel, Caldara, and
Rossion, 2006; Tanaka, Kiefer, & Bukach, 2004). As elaborated in
Tanaka and Farah (1993), holistic face processing means that
‘‘the representation of a face used in face recognition is not com-
posed of representations of the face’s parts, but more as a whole
face’’ (p 226). Thus, recognition of face parts should be better when
tested within the whole face than as isolated face parts (i.e., whole/
part advantage). The blurred and scrambled task measured ORE in
conﬁgural processing (recognizing faces using conﬁgural informa-
tion preserved in blurred faces) and featural processing (recogniz-
ing faces using isolated face features) (Hayward, Rhodes, &
Schwaninger, 2008; Mondloch et al., 2010; Rhodes et al., 2009).
The original and the Chinese version of CFMTs allowed us to assess
the ORE in face recognition (McKone et al., 2012). In Experiment 2,
we used the composite face task to measure ORE in holistic pro-
cessing and the CFMT to measure ORE in face recognition, which
allowed us to examine whether our results are speciﬁc to the tasks
used in Experiment 1. In both experiments, we ﬁrst examined the
OREs in different tasks, and then tested whether these OREs are
correlated with each other.
A questionnaire was included in each experiment to measure
participants’ experience with other-race people. It has been shown
that contact with other-race people is correlated with individual
difference in OREs observed in face recognition tasks (Meissner &
Brigham, 2001). For instance, more frequent other-race contacts
tend to elicit a smaller ORE in face recognition (Wiese,Kaufmann, & Schweinberger, 2014), a smaller ORE in terms of face
inversion effect (Hancock & Rhodes, 2008), and a smaller ORE in
recognition of blurred faces (Rhodes et al., 2009). In addition, more
experience in actively individuating other-race faces also leads to a
smaller ORE in holistic processing, as measured with a composite
face task (Bukach et al., 2012). Nonetheless, these results were
observed with different studies using a diversity of questionnaires,
leaving it unclear whether other-race contact affects various OREs
in a similar way. The inclusion of a questionnaire along with the
face recognition tasks allowed us to address this question directly.
The battery of tasks we selected here provides a comprehensive
test of whether the OREs manifested in different tasks are linked to
each other, and whether they are similarly affected by contact with
other-race people. Strong cross-task correlations between
observed OREs would suggest that they are rooted in the same
underlying mechanisms. In contrast, evidence of independent OREs
would suggest that face race affects various types of face process-
ing differently.
2. Experiment 1
2.1. Participants
We tested 34 German participants (17 females, mean
age = 30.4, SD = 7.5) at the Max Planck Institute for Biological
Cybernetics, and 32 Chinese (23 females, mean age = 21.9,
SD = 3.8) at the University of Hong Kong. In accordance with the
Declaration of Helsinki, the procedures were approved by local
IRBs and signed consent forms were obtained from individual par-
ticipants before the experiment.
2.2. Tasks
The experiment consisted of three tasks. Each participant per-
formed the whole/part task ﬁrst, then the blurred and scrambled
tasks, followed by the CFMT task. Each task was performed with
both Asian and Caucasian faces. Participants were instructed to
respond as accurately as possible in all tasks. The experiment ended
with participants ﬁlling out a cross-race contact questionnaire.
2.2.1. Whole/part task
Stimuli. Whole and part faces were created using 96 faces (48
Caucasians, 48 Asians, half male, half female faces) from the MPI
face database (http://faces.kyb.tuebingen.mpg.de, Blanz & Vetter,
1999). Faces of the same race and gender were randomly paired.
For each pair, we swapped key face parts (i.e., eyes, nose, and
mouth) between both faces. These feature-swapped faces were
used as distractor stimuli for the original faces in the whole condi-
tion (Fig. 1A). We also isolated these key face parts from each face
and arranged them into a non-face like conﬁguration, forming face
parts stimuli for the part condition (Fig. 1A). Thus, differences
between two whole faces in the whole condition were exactly
the same as those between two sets of face parts in the part condi-
tion. The reason for changing three key face parts at once was to
minimize potential attentional bias toward to certain face parts
in completing the task (e.g., the eyes, see Crookes, Favelle, &
Hayward, 2013; DeGutis et al., 2013). We also introduced a small
viewpoint change to avoid the use of an image matching strategy.
Target faces were turned either to the left or to the right by 15,
while test faces were always presented from the frontal view.
Procedure. Participants performed a sequential matching task.
Each participant had two blocks of 48 trials (2 conditions  2 gen-
ders  12 identities), one for each race, with block order counter-
balanced across participants. In each block, whole and part trials
were randomly mixed. Each trial proceeded with a ﬁxation cross
(250 ms), a blank screen (250 ms), a target face (1000 ms), the ﬁrst
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Fig. 1. Tasks used in Experiments 1 and 2. (A) Example of stimuli sequence for the whole and part conditions in the whole/part task. (B and C) Example of study and test faces
in the blurred and scrambled tasks. (D) Example of stimuli sequence for the composite face task.
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image (500 ms), and then two test faces displayed until a response
was made (Fig. 1A). The test faces were either two whole faces
(whole condition) or two sets of face parts (part condition), one
of which exactly matched the target face. The correct test face
was randomly located on the left or the right. Participants pressed
a key to indicate which face showed the same person as the target
face. Performance was measured in terms of accuracy in this two-
alternative-force-choice (2AFC) task.
2.2.2. Blurred and scrambled face recognition tasks
Stimuli. Caucasian and Asian face stimuli were created as
described in Hayward, Rhodes, and Schwaninger (2008). Intact face
images were gray scale, with standard inter-pupil distance (80 pix-
els). Blurred faces were created by applying a Gaussian ﬁlter
(radius = 3 pixels; SD = 3 pixels) to an intact faces four times in suc-
cession (Fig. 1B). Scrambled faces were created by cutting the
intact face image into ten parts, and rearranging them into a
non-face like conﬁguration (Fig. 1C). All faces were placed on a
black background (320  420 pixel).
Procedure. This task consisted of four blocks, resulting from the
factorial combination of face race (Asian vs. Caucasian) and face
format at test (blurred vs. scrambled). Block order was counterbal-
anced across participants, but same-race blocks were grouped
together. In each block, participants learned 10 intact faces twice,
with each face displayed for 10 s in a randomized order. After
learning, participants saw one non-studied blurred or scrambled
face to acquaint them with the format of the upcoming test faces.
Then their memory about the studied faces was probed with either
20 blurred test faces (10 old, 10 new, Fig. 1B) or 20 scrambled test
faces (Fig. 1C). Each test face was displayed until a response was
made. Participants pressed one key if they thought the face was
learned (i.e., old) and another key if not (i.e., new). Performance
was measured in terms of sensitivity (d0) computed from hit and
false alarm rates.
2.2.3. Cambridge Face Memory Test (CFMT)
Stimuli. The original and the Chinese version of CFMT (Duchaine
& Nakayama, 2006; McKone et al., 2012) were obtained from BradDuchaine and Jia Liu respectively. Both tests used male faces, with
hair concealed, posing a neutral expression (for more details, see
Duchaine & Nakayama, 2006; McKone et al., 2012).
Procedure. Each CFMT had three phases. In the learning phase,
participants learned six target faces from their front, left, and right
side views, with each face view displayed for 3 s. After learning
each face, participants performed 3 three-alternative-force-choice
(3AFC) trials, in which they identiﬁed the target face from two
simultaneously presented distractor faces. The original target face
images were used at test, and both distractor faces showed the
same view as the target face. In the novel-image phase, partici-
pants studied all six target faces displayed simultaneously for
20 s, and performed 30 3AFC trials. Novel target face images were
used at test, which differed from the learned face images in view-
point and/or lighting. In the noise-image phase, participants
reviewed all target faces again for 20 s and performed 24 3AFC tri-
als. For these trials, visual noise was added to all faces. As in previ-
ous studies (e.g., DeGutis et al., 2013; McKone et al., 2012),
performance was measured in terms of accuracy across all three
phases.
2.2.4. Other-race contact questionnaire
The questionnaire was based on Walker and Hewstone’s (2006)
social contact questionnaire, and consisted of ﬁve statements (‘I
often see East Asian/European people’, ‘I spend a lot of my free time
doing things with East Asian/European people ’, ‘I have many
friends that are from East Asian/European countries’, ’I often go
round to the houses of East Asian/European people’, and ’I often
meet with East Asian/European people at my house’). Participants
rated each statement using a 6-point scale, with 1 meaning ‘very
strongly disagree’ and 6 meaning ‘very strongly agree’.
2.3. Results and discussion
2.3.1. OREs were observed in some but not all tasks
For the whole/part task, we found equivalent performance for
own- and other-race faces in both whole and part conditions
(Fig. 2A). Therefore, the whole/part advantage (i.e., differences
between performance on whole and part conditions) was similar
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Error bars are standard errors of the mean estimated from ANOVA.
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fested in holistic processing. A 2 (observer: Chinese vs. Ger-
man)  2 (face race: own-race vs. other-race)  2 (condition:
whole vs. part) mixed ANOVA showed a main effect of condition,
F(1,64) = 75.08, MSe = 0.004, p < 0.0001, gp2 = 0.54, conﬁrming the
whole/part advantage (0.91 vs. 0.84). Neither the main effect of
face race, F(1,64) = 2.14, MSe = 0.004, p = 0.15, gp2 = 0.03, nor the
interaction between face race and condition, F(1,64) = 0.13,
MSe = 0.004, p = 0.72, gp2 < 0.01, was signiﬁcant. Thus, the whole/
part advantage is not modulated by face race. These results are
consistent with previous studies showing no ORE in terms of
whole/part advantage (Mondloch et al., 2010), particularly for
Asian participants (see Hayward, Crookes, & Rhodes, 2013; for a
review).
For the blurred and scrambled tasks which tested for conﬁgural
and featural processing, respectively, we found an overall ORE,
which was mainly driven by a robust ORE in recognizing blurred
faces (Fig. 2B). A 2 (observer: Chinese vs. German)  2 (face race:
own-race vs. other-race)  2 (face type: blurred vs. scrambled)
ANOVA revealed a main effect of face race, F(1,64) = 5.33,
MSe = 0.57, p = 0.02, gp2 = 0.08, with better performance for own-
than other-race faces (1.04 vs. 0.82). The main effects of face type
and observer were also signiﬁcant. Recognition of blurred faces
was better than recognition of scrambled faces (1.30 vs. 0.56),
F(1,64) = 69.04, MSe = 0.52, p < 0.0001, gp2 = 0.52. German partici-
pants performed better than Chinese participants, F(1,64) = 12.28,
MSe = 0.81, p = 0.001, gp2 = 0.16.
The interactions between face race by face type, F(1,64) = 7.32,
MSe = 0.36, p < 0.01, gp2 = 0.10, and between face race by observer,
F(1,64) = 5.37,MSe = 0.52, p = 0.02, gp2 = 0.08, were both signiﬁcant.
Separate ANOVAs for each face type revealed a signiﬁcant ORE in
recognizing blurred faces, F(1,64) = 12.83, MSe = 0.07, p < 0.001,
gp2 = 0.17, but not in recognizing scrambled faces, F < 1. Separate
ANOVAs for each group of participant showed a signiﬁcant interac-
tion between face race and face type in Chinese participants,
F(1,31) = 7.85, MSe = 0.38, p < 0.01, gp2 = 0.20, but not in German
participants, F < 1. Both German and Chinese participants showed
consistent ORE in recognition of blurred faces, but only German
participants showed a trend of ORE in recognition of scrambled
faces. These results suggest that face race have a stronger inﬂuence
on processing conﬁgural information than featural information
(but see Hayward, Rhodes, & Schwaninger, 2008).
For the CFMT task, participants showed better performances for
own- than for other-race faces (0.79 vs. 0.70), F(1,64) = 68.40,
MSE = 0.004, p < 0.0001, gp2 = 0.52, showing a robust ORE
(Fig. 2C). German participants showed higher performance than
Chinese participants (0.79 vs. 0.70), F(1,64) = 13.35, MSE = 0.02,p < 0.001, gp2 = 0.17, but the interaction between observer and face
race was not signiﬁcant, F < 1. These results suggest that Chinese
and German participants exhibit similar OREs in the CFMT task.
2.3.2. Inﬂuences of face race on different tasks were independent
We calculated individual participants’ OREs for each task by
subtracting their performance for other-race faces from that for
own-race faces (i.e., subtraction-based method), and then per-
formed correlation analysis between OREs measured in different
tasks. We only observed a trend of signiﬁcant correlation between
OREs in recognizing blurred faces and scrambled faces, r(66) = 0.21,
p = 0.08, whereas all other cross-task correlations were far from
signiﬁcant, all r 6 0.08, all p > 0.53. Similar results were found
when we analyzed our data using the regression-based correlation
analysis proposed by DeGutis et al. (2013). This analysis revealed a
marginally signiﬁcant correlation between OREs in recognizing
blurred and scrambled faces, r(66) = 0.24, p = 0.05, whereas all
other cross-task correlations were near zero, all r 6 0.04, all
p > 0.74.
The lack of cross-task correlations was not due to the reliabili-
ties in measuring different OREs. Following previous studies
(DeGutis et al., 2013; Ross, Richler, & Gauthier, 2014), we used Gut-
man’s k2 to estimate internal reliability of individual conditions in
each task, and used the regression-based method to estimate the
reliability of all ORE measures (see Ross, Richler, & Gauthier,
2014, for details). The observed reliability was high for measuring
ORE in the CFMT and modest for measuring OREs in other tasks
(Table 1). The scores of reliabilities were equivalent to or higher
than those reported in one previous study (e.g., DeGutis et al.,
2013). More importantly, the observed correlations were much less
than their theoretical upper boundaries (Table 2), which were esti-
mated as the geometric mean of reliabilities for two measures
(Schmidt & Hunter, 1999). These near-zero correlations suggest
that face race affects different face recognition tasks indepen-
dently, probably due to these tasks tapping into different face pro-
cessing mechanisms.
2.3.3. Shared processes for own- and other-race faces
We observed signiﬁcant within-task correlations between per-
formance for own- and other-race faces in the CMFT, r(66) = 0.73,
p < 0.0001, in recognition of blurred faces, r(66) = 0.37, p = 0.002,
and in both whole and part conditions of the whole/part task
(whole condition, r(66) = 0.28, p = 0.02; part condition,
r(66) = 0.48, p < 0.0001). These results suggest that recognition of
own- and other-race faces within each task share the same under-
lying mechanism (see also DeGutis et al., 2013). However, recogni-
tion of scrambled faces showed no such correlation, r(66) = 0.06,
Table 1
Reliabilities for different tasks in Experiments 1 and 2 (Regression-based reliabilities are shown in bold face).
Own-race faces Other-race faces ORE Prior studies
CFMT
Expt. 1 .91 .83 .80/.75 .52/.48a
Expt. 2 .91 .88 .78/.73
Blurred and Scrambled task
Blurred .51 .47 .39/.29
Scrambled .27 .49 .26/.35
Whole/part task
Whole .51 .47
Part .27 .35
Whole part advantage .23/.09 .29/.07 .21/.07 .25/.02a
Composite face task
Align/Congruent .67 .52
Align/Incongruent .73 .58
Misalign/Congruent .74 .57
Misalign/Incongruent .77 .68
Composite face effect .50/.36 .34/.31 .49/.29 .02–.35b
Questionnaire
Expt. 1 .88 .89c
Expt. 2 .84 .88 .82–.94d
a Reliabilities for measuring OREs in CFMT and in Whole/part advantage (DeGutis et al., 2013).
b Reliabilities for measuring composite face effect (Experiments 1–3, Ross, Richler, & Gauthier, 2014).
c Cronbach’s a (Walker & Hewstone, 2006).
d Cronbach’s a (Hancock & Rhodes, 2008).
Table 2
Regression-based correlations and their upper boundaries (in parentheses) between
OREs measured in different tasks in Experiments 1 and 2.
CFMT Blurred Scrambled
Composite face effect .10 (.62)
Blurred .01 (.56)
Scrambled .04 (.46) .24 (.32)
Whole/part advantage .02 (.41) .02 (.29) .03 (.23)
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tures in a memory task (i.e., scrambled task) and a perceptual task
(i.e., part conditions of the whole/part task) involves different
strategies (Wilhelm et al., 2010).
2.3.4. Level of contact predicts OREs in the CFMT and in the blurred
task
To examine whether contact with other-race faces predicts
OREs in face processing we conducted a multivariate regression
analysis. The predictor (i.e., covariate) was scores of cross-race con-
tact obtained from the questionnaire, and the dependent variables
included OREs computed in individual tasks. As shown in Fig. 3,
contact scores accounted for a small but signiﬁcant portion of indi-
vidual variances in OREs observed in the CFMT, F(1,64) = 5.05,
MSe = 0.007, p = 0.03, gp2 = 0.07, and in recognizing blurred faces,
F(1,64) = 4.80, MSe = 0.82, p = 0.03, gp2 = 0.07; but not for OREs
observed in recognizing scrambled faces, F = 2.25, p = 0.14, or in
the whole/part advantage, F < 1. These results indicate that fre-
quent other-race contact reduces OREs in memory of normal or
blurred faces, but does not improve all aspects of face processing
for other-race faces (e.g., featural processing).3. Experiment 2
Experiment 1 showed independent inﬂuences of face race on
various face recognition tasks. In particular, we observed no signif-
icant correlation between cross-race differences in the whole/part
advantage (i.e., holistic processing) and in the CFMT (i.e., face rec-
ognition). Although our whole/part task revealed robust holisticface processing effect (i.e., whole/part advantage), it may be argued
that our modiﬁcation of the task made it insensitive or unreliable
as a measure of cross-race differences in holistic processing. To
address this issue, in Experiment 2, we measured holistic process-
ing using a complete design composite face task (Richler, Cheung,
& Gauthier, 2011), face recognition using the CFMT, and other-race
contact using a different questionnaire developed by Hancock and
Rhodes (2008). These tasks therefore allowed us to examine
whether the results of Experiment 1 were speciﬁc to our measures
of holistic processing and other-race contact.
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Forty-six German participants (26 females, mean age = 27,
SD = 5.6) took part in the experiment. In accordance with the Dec-
laration of Helsinki, the procedures were approved by local IRBs
and signed consent forms were obtained from individual partici-
pants before the experiment.
3.2. Tasks
Each participant performed the CFMT ﬁrst and performed the
composite face task and the questionnaire one week later. Separa-
tion of the two tasks by one week was to minimize any potential
inﬂuences that the ﬁrst task may exert on the second task.
3.2.1. CFMT
Stimuli and procedure were identical to those used in Experi-
ment 1.
3.2.2. Composite face task
Stimuli. Forty faces (20 Asian, 20 Caucasian, half male and half
female) from the MPI face database were converted to grayscale
and were place on a neutral gray background (270 by 270 pixels).
Each face was cut into top and bottom face parts (270 by 135 pix-
els). These top and bottom face parts were randomly combined to
create composite faces, with the constraint that they had the same
race and gender. The top and bottom parts of faces could be aligned
(aligned face) or misaligned (misaligned face). An oval shape mask
was used to conceal face outline (Fig. 1D).
Procedure. Participants performed same/different judgments
about the top parts of two sequentially presented faces. As in
Richler, Cheung, and Gauthier (2011), the ﬁrst face was aligned
and the second face was either aligned (aligned condition) or misa-
ligned (misaligned condition). For misaligned face, we shifted the
top part to the right and the bottom part to the left so that the right
edge of the bottom part was aligned with the nose in the top part.
For both aligned and misaligned trials, the top parts of the two
faces were either identical (same condition) or different from each
other (different condition). For both same and different trials, the
irrelevant bottom face parts were also manipulated. For one half
of the trials, the bottom face parts were identical in the same con-
dition and different in the different condition; these trials formed
the congruent condition. For the other half of the trials, the bottom
parts differed in the same condition and were identical in the dif-
ferent condition; these trials formed the incongruent condition.
Fig. 1D shows the stimulus sequence for each trial. Each partic-
ipant had a total of 320 trials (2 races  2 alignment conditions  2
congruency conditions  2 same/different conditions  20 exem-
plars). Trials were blocked according to face race, with block order
counterbalanced across participants. Participants were instructed
to pay attention to the top face part and to ignore the irrelevant
bottom part.
According to Richler, Cheung, and Gauthier (2011), the interfer-
ence of bottom part on recognition of the top part is indexed by the
congruency effect. That is, performance should be better in congru-
ent than in incongruent condition. This congruency effect should
be reduced when the top and the bottom parts are misaligned,
and this interaction between congruency and alignment reﬂects
the strength of holistic processing (hereafter labelled as composite
face effect).
3.2.3. Other-race contact questionnaire
The term ‘‘Chinese’’ in Hancock and Rhodes (2008) question-
naire was replaced with ‘‘Asian’’. The questionnaire had the same
seven items for own- and other-race faces (e.g., ‘I interact withAsian/Caucasian people on a daily basis’, or ‘I socialize a lot with
Asian/Caucasian people’). Participants rated each statement using
a 6-point scale, with 1 meaning ‘very strongly disagree’ and 6
meaning ‘very strongly agree’.
3.3. Results and discussion
3.3.1. ORE manifested in the CFMT and the composite task, but not for
the composite face effect
The CFMT task showed again a signiﬁcant ORE. Recognition of
own-race faces (M = 0.81, SE = 0.02) was better than recognition
of other-race faces (M = 0.73, SE = 0.02), t(45) = 4.18, p = 0.0001,
Cohen’s d = 0.62.
For the composite face task (Fig. 4A), we found a main effect of
face race, F(1,45) = 11.76,MSe = 0.50, p = 0.001, gp2 = 0.21, with bet-
ter performance for own- than for other-race faces. The main effect
of congruency was signiﬁcant, F(1,45) = 78.10, MSe = 0.35,
p < 0.0001, gp2 = 0.63, showing better performance for congruent
than incongruent trials. The interaction between congruency and
alignment was signiﬁcant, F(1,45) = 41.75, MSe = 0.28, p < 0.0001,
gp2 = 0.48, indicating a strong composite face effect (i.e., holistic
processing). Importantly, the composite face effect was not modu-
lated by face race, F < 1. These results are consistent with previous
studies (Bukach et al., 2012; Harrison et al., 2014; Zhao & Hayward,
2010; see also Hayward, Crookes, & Rhodes, 2013), indicating that
holistic processing was similarly involved in own- and other-race
faces.
3.3.2. ORE in the CFMT and cross-race differences in the composite face
effect were independent
The ORE observed in the CFMT showed no signiﬁcant correla-
tion with cross-race difference in the composite face effect, neither
with subtraction-based method, r(46) = 0.02, p = 0.91, nor with
regression-based method, r(46) = 0.10, p = 0.50. This lack of signif-
icant correlation was unlikely due to reliabilities of the two tasks.
Both the CFMT and the composite face task showed medium to
high reliabilities, which were similar to those reported in prior
studies (Table 1, DeGutis et al., 2013; Ross, Richler, & Gauthier,
2014). Consistent with Experiment 1, the observed correlation
coefﬁcients were much less than their predicted upper boundaries
(Table 2). These results mirror those reported in Experiment 1, sug-
gesting that face race inﬂuences face recognition and holistic pro-
cessing in a largely independent manner, irrespective of the tasks
used to measure holistic processing. Even for own-race faces, face
memory was not signiﬁcantly correlated with the composite face
effect (subtraction method, r(46) = 0.06, p = 0 .70; regression
method, r(46) = 0.13, p = 0.40). Several prior studies showed the
same results (Konar, Bennett, & Sekuler, 2010; Wang et al., 2012;
Zhou et al., 2012), suggesting that the association between holistic
processing and face memory is not as robust as previously claimed
(Richler, Cheung, & Gauthier, 2011).
3.3.3. Shared processes for own- and other-race faces
All within-task correlations between performances for own-
and other-race faces were signiﬁcant. For the four conditions in
the composite face task, all r(46) > 0.34, all p < 0.02; for the CFMT,
r(46) = 0.60, p < 0.0001. These results are consistent with those
reported in Experiment 1, providing further support for the idea
that shared processes were involved in recognition of own- and
other-race faces.
3.3.4. Contact level predicts OREs in the CFMT but not for the
composite face effect
Contact scores were higher for own- than for other-race faces
(5.31 vs. 2.46), t(45) = 12.57, p < 0.0001, Cohen’s d = 1.85. Consis-
tent with Experiment 1, a multivariate regression analysis revealed
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CFMT (Fig. 4B), F(1,44) = 4.72, MSe = 0.01, p = 0.04, gp2 = 0.10, but
not for the composite face effect, F < 1.4. General discussion
The present study shows that the inﬂuences of face race on dif-
ferent face recognition tasks are not mediated by the same under-
lying mechanisms. Signiﬁcant OREs were observed in the CFMT
and in recognizing blurred faces, but not in recognizing scrambled
faces or in term of holistic processing. Neither a whole/part task
nor a composite face task revealed a signiﬁcant ORE in holistic pro-
cessing (i.e., whole/part advantage or composite face effect). In
addition, level of contact with other-race faces proved to be a good
predictor for OREs observed in the CFMT and in recognizing
blurred faces, but not for OREs observed in recognizing scrambled
faces or in terms of holistic processing. Importantly, we found no
signiﬁcant correlations between inﬂuences of face race on any
two tasks; whether the tasks tested face memory, holistic process-
ing, or tested processing of conﬁgural or featural information.
These results indicate that the inﬂuences of face race and other-
race contact on various tasks are largely independent, arguing
against the view that the ORE in face memory is caused by cross-
race differences in holistic processing.
4.1. Holistic processing and ORE in face recognition
Although the ORE in face recognition has been attributed to
stronger holistic processing for own- than for other-race faces, evi-
dence for such an own-race advantage in holistic processing is not
as strong as previously thought (see Hayward, Crookes, & Rhodes,
2013; for a review). Furthermore, a strong correlation between
ORE in face recognition (e.g., in CFMTs) and ORE in holistic process-
ing (e.g., whole/part advantage) was only observed in one previous
study (DeGutis et al., 2013) when ORE was calculated using a
regression-based method, but not in other studies using the sub-
traction-based method (e.g., Michel, Caldara, & Rossion, 2006;
Michel, Rossion, et al., 2006). In the present study, we measured
the ORE in holistic processing with both a whole/part task and a
composite face task, using both subtraction- and regression-based
methods. However, we found neither a signiﬁcant own-race
advantage in holistic processing nor a reliable correlation between
OREs observed in the CFMT and in tasks evaluating holistic pro-
cessing (i.e., whole/part advantage or composite face effect). These
results favor the idea that the ORE in face memory cannot be solely
attributed to encoding difference in terms of holistic processing
(see also Harrison et al., 2014; Hayward, Crookes, & Rhodes,
2013; Mondloch et al., 2010).Several lines of research also suggest that the inﬂuences of face
race on holistic processing and on face recognition may be disso-
ciable. First, whether ethnically ambiguous faces were perceived
as own- or other-race faces affected their holistic processing
(Michel, Corneille, & Rossion, 2007) but not their recognizability
(Rhodes et al., 2010), indicating that race perception modulates
holistic processing and face recognition differently. Second, some
prosopagnosics show normal holistic processing (i.e., composite
face effect, Le Grand et al., 2006; Susilo et al., 2010) or normal abil-
ity to process spacing and featural information in the mouth region
(Bukach et al., 2008). This result suggests that face recognition abil-
ity is not always bound to holistic processing or a general ability to
process relational information in a face (see also Konar, Bennett, &
Sekuler, 2010; Zhou et al., 2012). Finally, it has been suggested that
face recognition ability relies on a broader range of underlying pro-
cesses than holistic processing. Many facial properties such as
emotion, distinctiveness, and attractiveness affect face recognition
(e.g., Bainbridge, Isola, & Oliva, 2013). Therefore, an ORE in face rec-
ognition may not necessarily result from an ORE in holistic pro-
cessing. This dissociation may also explain why the ORE in face
recognition is relatively robust whereas an ORE in holistic process-
ing is not warranted (Bukach et al., 2012; Harrison et al., 2014;
Mondloch et al., 2010).4.2. Processing of conﬁgural and featural information and the ORE in
face recognition
We observed a strong ORE in recognition of blurred faces, sug-
gesting that face race affects processing of conﬁgural information
(which is preserved in blurred faces). This ORE decreased with
increasing experiences with other-race people. These results are
consistent with previous studies (Hayward, Rhodes, &
Schwaninger, 2008; Mondloch et al., 2010; Rhodes, Hayward, &
Winkler, 2006; Rhodes et al., 2009). Nonetheless, whether cross-
race differences in processing conﬁgural information contribute to
the ORE in face recognition is not yet well understood. We found
that the OREs measured with the CFMT and with the blurred task
were independent, indicating that the ORE in face recognition can-
not be attributed to cross-race differences in processing conﬁgural
information. These results suggest that the mechanisms measured
by our various tasks are largely independent from each other.
How processing of face features contributes to the ORE in face
recognition has been less explored. In the present study, cross-race
differences in recognizing scrambled faces (i.e., featural process-
ing) showed no correlation with the ORE in the CFMT, and were
not modulated by other-race contact. These results echo a previous
proposal that the ORE in face recognition is not due to differences
in processing own- and other-race face features (DeGutis et al.,
68 M. Zhao et al. / Vision Research 105 (2014) 61–692013; Rhodes et al., 2009). In addition, our results indicate that the
inﬂuences of face race and cross-race contact on featural process-
ing are weaker than those on conﬁgural processing. Whereas some
tasks revealed an ORE in recognition and discrimination of face fea-
tures (e.g., Hayward, Rhodes, & Schwaninger, 2008; Rhodes,
Hayward, & Winkler, 2006), other tasks did not (DeGutis et al.,
2013; Tanaka, Kiefer, & Bukach, 2004).4.3. Other-race contact and the ORE in face recognition
The link between other-race contact and the ORE in face recog-
nition is observed in memory tasks (e.g., CFMT) but not in percep-
tual tasks (e.g., holistic processing). We showed that more frequent
contact with other-race people leads to a smaller ORE in the CFMT,
consistent with prior research (Hancock & Rhodes, 2008; Meissner
& Brigham, 2001; Zhao, Hayward, & Bülthoff, 2014). Level of other-
race contact also modulates the ORE observed in recognizing
blurred faces but not scrambled faces, suggesting that more expo-
sure to other-race faces improves the ability to process conﬁgural
but not featural information of those faces (see also Rhodes et al.,
2009). Although OREs in both the CFMT and the blurred face task
were affected by other-race contact, these OREs were independent
of each other. These results indicate that the inﬂuence of other-
race contact on face recognition and on processing of conﬁgural
information in blurred faces is mediated by different aspects of
face processing.
Cross-race differences in holistic processing (i.e., the whole/part
advantage or the composite face effect) showed no correlation with
other-race contact frequency. This ﬁnding suggests that merely
more exposure to other-race faces does not necessarily increase
the holistic processing for those faces. In contrast, Bukach et al.
(2012) found a signiﬁcant correlation between OREs in the com-
posite face effect and levels of contact. This discrepancy may be
due to the use of different questionnaires in their study and ours.
In the present study, both the social contact questionnaire (Walker
& Hewstone, 2006) and the race contact questionnaire (Hancock &
Rhodes, 2008) may be less sensitive to individuating experience
than other questionnaires, such as the individuating experience
questionnaire used by Bukach et al. (2012) or the one used by
Wiese (2012).5. Conclusion
The present study tested the inﬂuences of face race and cross-
race contact on a variety of face processing tasks. Robust OREs
were shown in face recognition (CFMT) and conﬁgural processing
(recognizing blurred faces), but not in featural processing (recog-
nizing scrambled faces) or in holistic processing (as revealed by
the whole/part advantage or the composite face effect). Impor-
tantly, although we found that level of contact with other-race
faces was correlated with the ORE in face recognition and in conﬁ-
gural processing, there were no strong correlations between these
OREs or between any cross-race differences in the other tasks used
in our study. Therefore, the co-existence of OREs, such as those
reported in holistic processing and in face recognition (e.g.,
Michel, Caldara, & Rossion, 2006; Michel, Rossion, et al., 2006;
Tanaka, Kiefer, & Bukach, 2004), does not necessarily mean that
these OREs share the same underlying mechanisms.
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